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TUSC7 acts as a tumor suppressor in colorectal cancer
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Abstract: Increasing studies showed that long non-coding RNAs (IncRNAs) played important roles in the develop-
ment and progression of tumors. Previous evidences suggested that Tumor suppressor candidate 7 (TUSC7) was
involved in several tumors initiation. However, the role of TUSC7 in colorectal cancer is still unknown. In this study,
we indicated that the expression of TUSC7 was downregulated in colorectal cancer cell lines and tissues. Moreover,
the expression of TUSC7 was lower in the high-grade (Dukes C and D) colorectal cancer patients compared to that
in the low-grade colorectal cancer patients (Dukes A and B). Colorectal cancer patients with a lower level of TUSC7
expression had worse overall survival rate. Elevated expression of TUSC7 suppressed SW480 and HT29 cell prolif-
eration and invasion. In addition, we demonstrated that overexpression of TUSC7 inhibited the expression of miR-
10a and enhanced the expression of PTEN and EphAS8, which were the direct target genes of miR-10a. Furthermore,
the expression of miR-10a was upregulated in colorectal cancer cell lines and tissues. TUSC7 suppressed colorectal
cancer cell proliferation and invasion partly through targeting miR-10a. These results suggested that TUSC7 played
as a tumor suppressor gene in colorectal cancer partly through inhibiting miR-10a expression.
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Introduction

Colorectal cancer is a common digestive tract
cancer and is the 3" leading cause of the tumor
deaths [1-4]. More than one million new
patients are diagnosed annually and this dis-
ease is a serious economic and demographic
problem worldwide [5-7]. Nevertheless, there
is a paucity of the effective therapy for patients
with metastatic colorectal cancer [8-11].
Therefore, it is of great importance to under-
stand the molecular mechanism underlying the
development of colorectal cancer and identify
new markers and effective therapeutic strate-
gies for colorectal cancer patients.

LncRNAs (long non-coding RNAs) are a sub-
group of ncRNAs which are less than 200
nucleotides in length with no or limited protein-
coding capacity [12-15]. Recent studies have
demonstrated that IncRNAs participate in many
cellular processes such as cell development,
differentiation, proliferation, invasion, apopto-
sis, stem cell pluripotency and cell migration
[16-20]. Increasing evidences suggested that
dysfunction of IncRNAs were found in a broad
range of tumors such as gastric cancer, ovarian
cancer, glioblastoma, renal cell carcinoma,

cutaneous squamous cell carcinoma and also
colorectal cancer [21-25]. LncRNA tumor sup-
pressor candidate 7 (TUSCTY) is located at the
3013.31 and consists of four exons of about 2
kb in length [26-28]. Recent evidences have
demonstrated that TUSC7 expression is down-
regulated in osteosarcoma, gastric cancer and
acute myeloid leukemia [26, 27, 29]. However,
the role of TUSC7 in colorectal cancer was still
unknown.

In this study, we investigated the expression
and role of TUSCY in colorectal cancer. We indi-
cated that the expression of TUSC7 was down-
regulated in colorectal cancer cell lines and tis-
sues. Elevated expression of TUSC7 suppress-
ed SW480 and HT29 cell proliferation and
invasion.

Materials and methods
Cell lines and tumor samples

Thirty pairs of human colorectal cancer sam-
ples and matched non-cancerous tissues were
collected with primary colorectal cancer pa-
tients at our department. All patients did not
receive any preoperative therapy, such as che-
motherapy or radiotherapy. Our study was
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Table 1. Primer sequence

al 4 hours. The OD (absorbance

Name Sequence (5’-3)

value) was determined at the 490

Real-time PCR primer sequence

nm on the microplate reader. For cell
colony formation, cell were plated in

TUSC7 CACTGCCTATGTGCACGACT
the 6-well plate and cultured for 2
AGAGTCCGGCAAGAAGAACA weeks. These colonies were stained
ue CTCGCTTCGGCAGCACATATACT with the crystal violet and counted.
ACGCTTCACGAATTTGCGTGTC For cell invasion, Matrigel (BD Bio-
GAPDH AATGGGCAGCCGTTAGGAAA sciences) and Matrigel was coated
TGAAGGGGTCATTGATGGCA onto the transwell upper chamber of
cyclin D1 CTGTGCTGCGAAGTGGAAACCAT the cell was cultured on the upper
TTCATGGCCAGCGGGAAGACCTC chamber. The serum was added on
ki-67 TCCTTTGGTGGGCACCTAAGACCTG  the lower chamber and the invasive
TGATGGTTGAGGTCGTTCCTTGATG cgll was flxed-W|th methanol, stained
PTEN GGGACGAACTGGTGTAATGA with crystal violet.
CGCCTCTGACTGGGAATAG Statistical analysis
EphA8 CCACCAGGGTATGTAAATATC
TGTGCTTTGAAGACCATTT All data was shown as the mean +

approved by the Research Ethical Committee of
Cang Zhou Central Hospital. Written informed
consents were obtained from all patients. Four
colorectal cancer cell lines (HT29, SW480,
SW620 and DLD-1) and one normal colon epi-
thelium cell line (FHC) were bought from the
ATCC (American Type Culture Collection,
Manassas, USA) and kept in the Dulbecco’s
modified Eagle’s medium (DMEM) supplement-
ed with PBS, penicillin and streptomycin. The
TUSC7 vector or control vector and miR-10a
mimic or scramble were collected from
Shanghai GenePharma (Shanghai, China) and
were transfected to SW480 cells by using the
Lipofectamine 2000 (Invitrogen, USA) in accor-
dance with manufacturer’s instruction.

Quantitative Real-time-PCR

Total RNAs from cells or frozen tissues were
extracted by wusing the TRIzol Reagent
(Invitrogen, USA) n accordance with the manu-
facturer’'s protocol. The expression of TUSC7,
ki-67, cyclin D1, PTEN, EphA8 and GAPDH was
determined by using SYBR Green gRT-PCR
analysis. Specific primers were designed and
synthesized from Sangon (Shanghai, China).
GAPDH was used as the internal control. The
primers were shown in the Table 1.

Cell growth, colony formation and invasion
assays

Cell growth was measured by using MTT analy-
sis (Sigma, USA). Cells were cultured in the
96-well plate and 20 pl of MTT was put into
each hole and continued to culture for additon-
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standard deviation (SD). The data
was tested by SPSS 17.0 version
software (Chicago, IL, USA). The two-tailed
Student’s t-test was used to determine the
statistical significance differences between
groups. P<0.05 was indicated to be statistically
significant difference.

Results

TUSCY expression was downregulated in
colorectal cancer cell lines and samples

TUSC7 expression was lower in four colorectal
cancer cell lines (HT29, SW480, SW620 and
DLD-1) compared to in normal colon epithelium
cell line (FHC) (Figure 1A). The expression of
TUSC7 was also lower in colorectal cancer sam-
ples than in matched non-cancerous tissues
(Figure 1B). Of 40 colorectal cancer samples,
TUSC7 expression was downregulated in 29
cases (27/40; 67.5%) compared with that in the
adjacent non-cancerous tissues (Figure 1C).
Moreover, compared to colorectal cancer sam-
ples with low-grade (Dukes A and B), high-grade
(Dukes C and D) samples expressed lower
TUSC7 (Figure 2A). The colorectal cancer
patients with lower TUSC7 expression had
worse overall survival rate compared with those
with high TUSC7 expression (Figure 2B).

Overexpression of TUSC7 suppressed colorec-
tal cancer cell proliferation and invasion

The expression of TUSC7 was significantly
upregulated in both colorectal cancer cell line
SWA480 (Figure 3A) and HT29 (Figure 3B).
Overexpression of TUSC7 suppressed cell pro-
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Figure 1. The expression of TUSC7 was downregulated in colorectal cancer cell lines and samples. A: The expression
of TUSCY in four colorectal cancer cell lines (HT29, SW480, SW620 and DLD-1) and normal colon epithelium cell
line (FHC) was measured by qRT-PCR. GAPDH was used for TUSC7 normalization. B: TUSC7 expression was lower in
colorectal cancer tissues compared to in the matched non-cancerous tissues. The expression of TUSC7 was mea-
sured by qRT-PCR. GAPDH was used for TUSC7 normalization. C: The expression of TUSC7 in colorectal cancer tis-
sues and matched non-cancerous tissues was measured by gRT-PCR. Of 40 colorectal cancer samples, TUSC7 ex-
pression was downregulated in 29 cases (27/40; 67.5%) compared with that in the adjacent non-cancerous tissues.

Figure 2. Downexpression of TUSC7 in colorectal cancer confers poor prog-
nosis. A: The expression in the high-grade (Dukes C and D) samples was
lower compared to in the low-grade (Dukes A and B). B: Kaplan-Meier OS
analysis showed that the colorectal cancer patients with a lower level of
TUSC7 expression had worse overall survival rate compared with those with

high TUSC7 expression. **P<0.01.

liferation in both SW480 and HT29 cell lines
(Figure 3C and 3D). In addition, elevated
expression of TUSC7 decreased ki-67 expres-
sion in SW480 cell (Figure 3E) and HT29 cell
(Figure 3F). Moreover, Overexpression of
TUSCY inhibited cyclin D1 expression in SW480
cell (Figure 3G) and HT29 cell (Figure 3H).
Ectopic expression of TUSC7 suppressed
SWA480 cell invasion (Figure 4A). In line with
this, overexpression of TUSC7 decreased HT29
cell invasion (Figure 4B).

Overexpression of TUSCY inhibited the miR-
10b expression

Ecoptic expression of TUSC7 suppressed miR-
10b expression in SW480 cell (Figure 5A) and
HT29 cell (Figure 5B). Moreover, overexpres-
sion of TUSC7 enhanced the expression of
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was higher in four colorec-
tal cancer cell lines (HT29,
SW480, SW620 and DLD-1)
compared to that in the nor-
mal colon epithelium cell line
(FHC) (Figure 6A). The expres-
sion of miR-10a was also
higher in colorectal cancer samples than in the
matched non-cancerous tissues (Figure 6B). Of
40 colorectal cancer samples, miR-10a expres-
sion was upregulated in 28 cases (28/40; 70%)
compared with adjacent non-cancerous tis-
sues (Figure 6C). The expression of TUSC7 was
negatively correlated with the expression of
miR-10a in colorectal cancer samples (Figure
6D).

TUSCY suppressed colorectal cancer cell
proliferation and invasion through targeting
miR-10a

The expression of miR-10a was significantly
upregulated in SW480 cell after treated with
miR-10a mimic (Figure 7A). To study whether
miR-10a was involved in the function of TUSC7
in SW480 cells, we restored miR-10a expres-
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Figure 3. Overexpression of TUSC7 suppressed the colorectal cancer cell proliferation and invasion. A: The expression of TUSC7 in the SW480 cell that treated
with pcDNA-TUSC7 or control vector was determined by qRT-PCR. B: The expression of TUSC7 in the HT29 cell was determined by qRT-PCR. C: MTT analysis was
performed to measure the cell proliferation. Overexpression of TUSC7 suppressed the SW480 cell growth. D: Overexpression of TUSC7 decreased the HT29 cell pro-
liferation by using MTT analysis. E: Elevated expression of TUSC7 suppressed the ki-67 expression in SW480 cell. F: The ki-67 mRNA expression was measured by
gRT-PCR. G: Ectopic expression of TUSC7 decreased the cyclin D1 expression in the SW480 cell. H: The cyclin D1 mRNA expression in the HT29 cell was measured
by qRT-PCR. Elevated expression of TUSC7 decreased cyclin D1 mRNA expression in the HT29 cell.
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Figure 4. TUSC7 suppressed the colorectal cancer cell invasion. A: Ectopic expression of TUSC7 decreased the
SW480 cell invasion. The relative invasive cells were shown in the right. B: Overexpression of TUSC7 suppressed
the HT29 cell invasion. The relative invasive cells were shown in the right. ***P<0.001.
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Figure 5. Overexpression of TUSC7 inhibited the miR-10b expression. A: The
expression of miR-10b in the SW480 cell was determined by gqRT-PCR. B:
Ecoptic expression of TUSC7 suppressed miR-10b expression in the HT29
cell. C: The expression of PTEN was determined by qRT-PCR. D: The expres-
sion of EphA8 was determined by qRT-PCR.

SWA480 cell. Ecoptic expres-
sion of miR-10a promoted
SW480 cell proliferation, re-
versing TUSCT7-inhibition of
proliferation (Figure 7D). Fur-
thermore, evelated expres-
sion of miR-10a promoted
the TUSC7 overexpressing
SW480 cell invasion (Figure
7E and 7F).

Discussion

In this study, we indicated
that TUSC7 expression was
downregulated in colorectal
cancer cell lines and tissues.
Moreover, the expression of
TUSC7 was lower in the high-
grade (Dukes C and D) co-
lorectal cancer patients com-
pared to in that in the low-
grade colorectal cancer pa-
tients (Dukes A and B). The
colorectal cancer patients

sion in the TUSC7 overexpressing SW480 cell. with a lower level of TUSC7 expression had
Overexpression of miR-10a suppressed the worse overall survival rate compared with tho-
expression of PTEN (Figure 7B) and EphA8 se who had high TUSC7 expression. Elevated
(Figure 7C) in the TUSC7 overexpressing expression of TUSC7 suppressed colorectal
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Figure 6. The expression of miR-10a was upregulated in the colorectal can-
cer cell lines and samples. A: The expression of miR-10a in the four colorec-
tal cancer cell lines (HT29, SW480, SW620 and DLD-1) and one normal co-
lon epithelium cell line (FHC) was determined by qRT-PCR. U6 was performed
as the control. B: miR-10a expression was higher in colorectal cancer tissues
compared to in the matched non-cancerous tissues. The expression of miR-
10a in the four colorectal cancer tissues was determined by qRT-PCR. U6
was performed as the control. C: The expression of miR-10a in colorectal
cancer tissues and matched non-cancerous tissues was measured by qRT-
PCR. Of 40 colorectal cancer samples, miR-10a expression was upregulated
in 28 cases (28/40; 70%) compared with adjacent non-cancerous tissues.
D: The expression of TUSC7 was negatively correlated with the expression of

miR-10a in the colorectal cancer samples.

cancer cell proliferation and invasion. In addi-
tion, we demonstrated that overexpression of
TUSC7 inhibited miR-10a expression and
enhanced the expression of PTEN and EphAS,
which were the direct target genes of miR-10a.
Furthermore, we showed that the expression of
miR-10a was upregulated in colorectal cancer
cell lines and tissues. TUSC7 suppressed
colorectal cancer cell proliferation and invasion
partly through targeting miR-10a. These results
suggested that TUSC7 played as a tumor sup-
presor gene in colorectal cancer partly through
inhibiting miR-10a expression.

TUSCY, previous named as LSAMP-AS3 (LOC2-
85194), was originally indentified in the osteo-
sarcoma [29]. Previous studies indicated that
TUSC7 played important roles in the several
tumors [26-31]. It was located at the chromo-
some 3013.31 and played as a p53-regulated
tumor suppressor gene. For example, Wang et
al. [28] showed that TUSC7 expression was
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tion (EMT) and metastasis
through regulating miR-10a
expression. Shang et al. [31]
demonstrated that TUSC7 ex-
pression was downregulated
in glioma cell lines and tis-
sues and lower expression
of TUSC7 was associated
with worse histological grade.
Overexpression of TUSC7 in-
hibited glioma cell prolifera-
tion and invasion and en-
hanced glioma cell apoptosis
partly through targeting TU-
SC7. Qi et al. [26] showed that TUSC7 expres-
sion was downregulated in gastric cancer tis-
sues and overexpression of TUSC7 decreased
gastric cancer cell growth in vivo and in vitro by
repressing miR-23b expression. In line with
these, we showed that the TUSC7 expression
was lower in colorectal cancer cell lines (HT29,
SW480, SW620 and DLD-1) compared to in the
normal colon epithelium cell line (FHC). Of 40
colorectal cancer samples, TUSC7 expression
was downregulated in 29 cases (27/40; 67.5%)
compared with adjacent non-cancerous tis-
sues. The expression of TUSC7 was also lower
in the colorectal cancer samples than in the
matched non-cancerous tissues. Moreover,
compared to colorectal cancer samples with
low-grade (Dukes A and B), high-grade (Dukes C
and D) samples expressed lower TUSC7. The
colorectal cancer patients with a lower level of
TUSC7 expression had worse overall survival
rate compared with those with higher TUSC7
expression. Elevated expression of TUSC7 sup-

Am J Transl Res 2017;9(9):4026-4035
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Figure 7. TUSC7 suppressed the colorectal cancer cell proliferation and invasion through targeting the miR-10a expression. A: The expression of miR-10a in the
SW480 cell was determined by qRT-PCR. U6 was performed as the control. B: The expression of PTEN was determined by qRT-PCR. C: The expression of EphA8 was
determined by gRT-PCR. D: The cell proliferation was determined by MTT analysis. E: Evelated expression of miR-10a promoted the TUSC7 overexpressing SW480
cell invasion. F: The relative invasive cells were shown. *P<0.05, **P<0.01 and ***P<0.001.
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pressed cell proliferation and invasion in co-
lorectal cancer cells. These results indicated
that TUSC7 acted as a tumor suppressor gene
in colorectal cancer.

Increasing studies suggested that IncRNA
played as a ceRNA to modulate miRNAs in
tumor development [16, 32-34]. Previous stud-
ies demonstrated that TUSC7 played as a
tumor suppressor gene in several tumors by
inhibiting the expression of some miRNAs such
as miR-10a, miR-211 and miR-23b [26, 30, 31].
In our study, we focused on the role of miR-10a
since it was proved to act crucial roles in the
development of tumors [35-38]. Yu et al. [39]
showed that miRNA-10a expression was upreg-
ulated in non-small cell lung cancer tissues
compared with corresponding normal samples
and the expression of miR-10a was correlated
with lymph node metastasis and tumor node
metastasis. Ecoptic expression of miR-10a
enhanced cell proliferation, invasion and migra-
tion through targeting the PTEN in the non-
small cell lung cancer. In addition, Yan et al.
[36] demonstrated that miR-10a promoted
glioma cell invasion and migration and EMT
through inhibiting EphA8 expression. In line
with these, we proved that overexpression of
TUSC7 suppressed the miR-10a expression
and promoted the expression of PTEN and
EphA8, which were the direct target genes of
miR-10a. Moreover, we demonstrated that miR-
10a expression was upregulated in colorectal
cancer cell lines and samples. Of 40 colorectal
cancer samples, miR-10a expression was
upregulated in 28 cases (28/40; 70%) com-
pared with adjacent non-cancerous tissues.
The expression of TUSC7 was negatively corre-
lated with the expression of miR-10a in colorec-
tal cancer samples. Furthermore, we showed
that TUSC7 suppressed the colorectal cancer
cell proliferation and invasion through targeting
miR-10a.

In conclusion, we reported that TUSC7 expres-
sion was downregulated in colorectal cancer
tissues and cell lines. In addition, TUSC7
expression was associated with tumor grade
and overall survival rate. Overexpression of
TUSCY7 suppressed colorectal cancer cell prolif-
eration and invasion through inhibiting miR-10a
expression. These results suggested that
TUSC7 might represent a new therapeutic tar-
get in colorectal cancer.
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